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ABSTEALT In Jume 2000 the Mational Oeean Serviee and University of Peerio Rice initiated & long-term reef-
lsh=monitoring program in La Parguern, Pueenno Bico, -Dhj:c1i\'¢i of this nng:ning_ wiork are to; 1) develop
spaclally-explicit estimates of reef fish habitat atilization patterns 1o aid in defining essential habitals, and 23
provide o quantitative and ecologically soumd fowndation edelineate marine reserve boundaries. Central to this
effort are recently completed digital and georeferenced bemthic habdran maps for the near-shone waters of Pugno
Rico. The GIS-hased map served ns & framewaork for d:v:lnprm.nl aff & &l i:l.l'l;..I ciratified reef-fish-monitoring
program acrias the shelf. Simultaneowns collections of fish size and nhundance data, and micro-=scale habatal
distribution and quality data were taken alonga 25 x 4 m transect for each monitoring station. Sampling included
caral reef, mangrove, and seagross habivats within three cross-shell zones uniguwe 1o the insular shelf of La
Parguern {inner lagoon, sater lagoom, and bank-shelf). A wotal of 106 siations were surveyved during the firss year
ol sampling. Ohver LMK fishes, representing |23 species and 36 families were counted, Analyses showed clear
parrerms of habitat utilization acrss the seascape, and ontegenetic shifis in hahitat selection within some species.
Resulis also indicated thar halitan type was more impartant than cross-shelf becation in delermining spatial
patterns among reef fishes in the study arca, Mesoscale spatially-explicit logiste models were developed o
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edtimaie distribution and expecied dengity of some species among kabitats,

IxTRODUCTION

Successful management of coral reef fisheries is a
challenging and complex balance between resource
protection and exploitation, Habitan degradation due o
constal development and other human sclivities, com-
bined with overfishing, has resulled in severe declines
of both targeted and non-targeted fish populations { Rob-
erts and Polunin 1991, Roberts 1995, Lawvck et al, 1998),
Marine reserves are often advocated as o management
option ¢ compensate for these effects because they
protect both fishery siocks and the habitats upon which
they depend (Plan Development Team 1990, Robers
and Polunmin 1991, Bohnsack 1993, Roberts 1995, Sluka
el al. 1997, Guennette et al. 1998, Appeldoom 2001},
Marine reserves can provide many fishery benefits such
as the prodection of vulnerable spawning stock aggrega-
tens, enhancement of stock abundance in adjacent
areas due to “spill-over” effects. and the preservation of
ecnsvslem components critical to fish growth and sar-
vivil (Slukn et al. 1997, Appeldoom 200103, By main-
tming undisturbed habitats, maring reserves can
pestentinlly provide benefits that disproportionately ex-
ceed their physical dimensions. For example, field
studies in the Exuma Keys Land and Sea Park have
estimated that 20% closure supplics 60% of local egg
production of Epineplielus striams (Nassau grouper)

(Slukn et al. 1997} and T0% of larval Sirombus gigas
iqueen conch) production (Stoner and Ray 1996,
Appeldoom 20011, Many of these benefits; however,
have yei to be empincally demonstrated becanse sl
marine reserves lack adequate pre=closure data 1o 1es
pst implementation efficacy. This lack of information,
coupled with a limited understanding of species habitat
associations, may result in the placement of biologi-
cully ineffective marine reserve boundaries.

Strong linkoges thot exist between fishes and their
habitats imply that successful implementation of ma-
rine reserves reguires o knowledge of the location,
distribution, and extent of habitats necessary for suc-
cessful recruitment, growth, feeding, and reproduction
(Parrish 1989, Friedlander and Parrish 1998}, The dis-
tribution of these habitats varies highly across spatial
and, o a lesser extent, empaoral scales. In addition,
there is increasing evidence that many reef fishes are
dependent on systems thal comprise a mosaic of habi-
tats, incloding not only reef siructure, bot also a mixiure
of seagrasies, mangroves, and unconsolidated sand flats
as well. Each of these habitats containg unique biotic
communities that vary differently depending on the
scale at which individual or community-level processes
are observed (Williams 1991, Sale 199E).

The Mational Oeceanic and Atmospheric
Administration's (NOAA) Center for Coastal Monitor-
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ing and Assessment (CCMA) and the University of
Puero Rico are collaborating on a long-term study 1o
moniter the distribution of reel fishes among benthic
habitats off La Parguera, Puerio Rico. An essential
component of this work is the recently completed digial
georeferenced benthic habitat maps Tor the near-shore
waters of the region (Kendall et al, 20001). These GIS
based maps were the foundation for ll,’E'r‘E'lHFI"iILE a spa-
tially stratified strategy for sampling reef fish and
benthic habitats. The objectives of thiz ongoing activity
are to provide data necessary to develop spatially-
explicit quantitative estimates of habitat utillization by
fishies, to aid in defining essential fish habitars, and to
define potential marine-reserve boumdaries. This study
exarmines the distribution and abundance of fishes among
habitats. ontogenetic habitat selection by Haemulidae
{grunts) and Lutjanidae (snappers), and differences in
fish community structure among benthic habitats along
i cross-shelf gradient.

MaTERIALS anp MeTnons

SCUBA divers surveyed fish communities in a
variety of habitats across the insular shelf three times
iannually for two weeks off La Parguera in southwestern
Fuerto Rico (Figure 1), Besults presented here are from
the first full year of sampling, which included two-week
saumpling periods conducted during August 2000 and
Jonwary and May 2001,

Benthic habitati mapping

Survey locations within specific habitat types were
determined from benthic maps of the southwestern
shore of Peerio Rico (Kendall et al. 2000, US National
Oceanic and Atmospheric Administration (NOAA) 2001,
KEendall et al. In press). In 1999, MOAA acquired and
visually nterpreted orthorectified aerial photography
for the near-shore waters (o 25 meters depih of Puerto
Rico and the US Virgin Islands. Features visible in the
aeriil photographs were mapped directly inio a geo-
graphic infarmation system (GIS). Yisual interpretation
of the photographs was guided by a hierarchical classi-
fication scheme that defined bemthic types based on
insular-shelf zones and structures of the benthic com-
munity, Zone describes the insulor-shelf location rela-
tive io barrier islands or emergent reefs (inner lagoon,
outer lagoon, bank-shelf), whereas structure includes
the cover type (reef, mangrove, submerged vegetation,
and uneonsolidated sediments) of the benthic commu-
nity {Kendall et al. 2001},

[

Experimental Design

The digial habits map was used o seratify the
sty area o eight distinel zone-structure combing-
tions (hereafter “sirata™) based on three siractures and
three zones (Figure 1), Only eight strata were possible
hecause mangroves do nol occur in the bank-shelf zone.
The entire digital seascape (abour 200 km*) was parti-
tiomed imto andividual H0x540 m sample units (SUs}, four
of which were randomly selected within each stratum as
replicate survey locations. SU"s were selecied only if
their entire extent was of monotypic sone and structure,
SUs that contained multiple structures, or thot straddied
zone boundaries were excluded from the pool of poten-
tial samples 0 as not to confound the analyses., The
geoposition for cach SU was calculated in the GIS,
exporied and wploaded inte a hand-held differentially
corrected Global Positioning Svstem unit, and used 1o
navigate 1o stations in the field. One station per stratum
has been designated as a permanent site that will be
sampled during each mission to monitor changes in
benthic condition and faunal community composition.,
Two divers estimated fish abundance, and size at each
sample location, while a third diver measured benthic
habitar variables, such as percent cover of abistic and
biotic substrates, density of holes smaller or larger (han
15 com, maximuwm gorgonian canopy height, depth, and
rugosity.

Yisual fish census

The abundance and size of fishes were visually
estimated within each pre-selected 5U along a 25 X 4-
meter belt transect (Brock 1954 and Brock 1982).
Transect divers swam 25m on a random compass head-
ing for 15 minutes at & constant spesd, While swim-
ming. the diver identified to the lowest possible taxon,
counted, and estimated the size (fork length [FL]) of all
fishes observed within 2m on either side of a centerling
(100 m* transect area).

Fish community metrics and stalistical analyses

Data were entered inte a database and analyzed
with JMP statistical software (Version 4.0, 5AS Insn-
tute 2000}, Mean species density, sighting frequency,
richness, and diversity were calculated for each zone,
structure, and stratum (zone-structure combination).
Sighting frequency is the percentage of all survey dives
in which the particular species was observed, Species
richness is the absolute number of species observed at a
site, A Shannon-Wepver (Shannon and Weaver 1949)
index of species diversity wis calculated Tfor each dive
as follows:
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Figure 1. Map of the study area in sosthwestern Poerio
Rbeo, Tlee tog inset depicts sample sites (open circles) super-
imposad ever the cross-shell 2ones. The bettom inset (s an
enlargement of the western-most reglon in the study area,
showing detail of the various habitats sampled.
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where & 1= the number of species; o is the abundance of
the /™ species and W is the total abundance of all species.
Raw data and estimated wvariohles were checked for
normality wsing Dunnet’s Test (Sokal and Rohlf 1995),
and when pecessary, transformed wsing the Boz-Cox
procedure (Sokal and Rohlf 1995) for paramedric statis-
tical analyses. Data that remained heteroscedastic aller
transformation were analyzed using nom-parametnc pro-
cedures,

Haerarchcal uluxlcring ol SPECiEs Presence was
wsed to determane the slructure .a|1|;_|. muli:rl'llun:h: al s1min-

1

larity in fish assemblages among habital strata. Hierar-
chical clustering was based on Ward's minimuom vari-
ance method, where the distance between two ¢ lusters is
the sum of sguares added wp over all varables (SAS
Institute 20000, This technique minimized the within-
cluster variance for all varinbles at each subsequent
level of the hierarchy so that sites with similar fish-
assemblage varigbles clustered 1ogether, For species
presence clustering, a binary contingency table was
constructed such that 0-0 and 1-1 were considered a
match, and 0—1 was considersd a mismatch for all
possible species pairs, Mo weights were given o differ-
entiate O-0 and 1-1 matches,

Patterns in the distmbution of families among strata
were determined using correspondence analysis. Corre-
spondence analysis is a graphical ordination that shows
the similarity between rows (fish family) and columns
(stratn) of a fregquency table (SAS Institute 20000, The
plot nxes measure the variation accounted for in each
canonical dimension (¢ ) and a single point represents
each row or column, with the squared distances between
points being approsimately proportional to the chi-
square distances thal test the homogeneity beiween row
or column pairs, Points of rows or columns with similar
frequencies appear close together, and the strength of
the relationship between rows and columns is indicated
by the direction of the points from the plot’s origin (SAS
Institune 20000, A 95% confidence interval {CI ellip-
soiicl was determined from a bivariate plot of the x-v
coordinates of row and column poings in the correspon-
dence analysis plot i identify family-strata group mem-
bership.

Where appropriate, a series of ANOVA, non-pars-
metric ANOVA, and pair-wise comparisons were used
i determine if mean species density, and richness,
varied significantly by zone, structure, or stratm. Fish
denzity estimates were normalized using the Box-Cox
rransformation (Sokal and Rohlf 1995), Differences in
overall mean density of fishes among strate were deter-
mined with a one-way ANOVA., Where significance
was detected, a posterion Tukey-Kramer pairwise com-
parison tesis were performed to identify the source of
varation {Sokal and Rohlf 1995). Differences in mean
species richness among strata were determined with
Kruskall-Wallis ANOVA and moedified Tukey-Kramer
tesis (Lar 1999).

Cross-shelf ontogenetic habitat ofilization patierns
of grunts and snappers were determined with non-
parametric tests of independence and correspondence
analysis. Differences in mean density of grunts and
snappers among sirata were determined wsing the
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KEmiskall-Wallis procedure and modiNed Tukey-Kramer
tests (Zar 1999). Correspondence analysis and Chi-
squared tests were used to determine if the size-class
distribution of grunis and snappers was independent of
habitat. These taxa were selected for this analysiz be-
couse they are representative of commercially impsor-
tant fishes in the region.

Logistic regression models also were developed 1o
estimate the probability of occurrence for all snappers
(pooled), Covirus chryvsuris (yellowiail snapper), as
well as for the distribution of Q. chrvsurus size-classes
amang strata to determine if distribotion patterns dif-
fered by taxonomic level (e.g., family, species) amd
during ontogeny. Logistic regression was wsed 1o fit a
miodel to o bingry response (Y = 1 if present or O if not
present) fo the independent variable (X = sirata), such
that for each stratum, there was a probability p of being
presenl or J-poof not being present (5AS5 Institute 200600,
The resulting probabilitics were classificd into three
quanile closses (0-33, 3466, 67-100th percentile) and
imported into Arc View GIS to produce spatially ex-
plicit maps of ocourrence within the study arca.

REsuLTsS

Species composition and assemblage strocture

Appendix 1 shows taxa observed by zones, struc-
tures, and strata during the first vear of sampling. A total
of 106 siues were surveyed, resulting in the identifica-
tien of about 50,000 individuals from 123 species be-
longing to 36 families. Hierarchical clustering of species
presence showed several patterns in the composition of
fish assemblages among strata (Figure 2). Species rich-
ness was greatest among reel sites (41-44 species),
followed by mangrove sites (25-M1), and submerged
vegetation sites {17-19), There was a distinct grouping
of sites by structure, showing that species composition
was more similar among sites within the same structure
than among zones. Additionally, clustering showed that
the adjacent bank-shell and ouler lagoon zones were
mare similar to each other in species composition than
to the inner lagoon zone, indicating, to a lesser extent,
the presence of a cross-shelf gradient in commumnity
struciure.

ANOVA and modified Tukey-Kramer pair-wise
comparisons showed thal variation in mean specics
richness among struciures was significant but cross-
shelf variation within structure was not (Figure 3.
apecies richness at reef sites was significantly higher
than submerged vegetation sites but the difference nmaong
sites in reef and mangrove siructures was notd signifi-

cant, Mean species richness was sigmificanily higher for
sites in the inner lagoon mangrove than for sites in the
Giler Iagn:l-un m.lhﬂl-érgl:lj 'L'Egl!l:lliﬁll. Wit was mot differ-
ent from that of submerged vegetation sifes in other
zones, Becanse analysis for richness and diversity were
very similar, only resulis for richness are provided.

Transformed mean density valees (Box-Cox proce-
dure, | =— 071 exbhibated significant differences among
strata, although the one-way ANOWVA model explained
only 51% of the observed variation {Figure 4). Cross-shelf
variation in fish density within reef, mangrove, and sub-
meerged vegetation structures was nod significamt. Mean
fish densities of the outer lagoon mangrove, inner lagoon
reefs, and outer lagoon reefs wene similar but significantly
higher than the mean fish density of submerged vegetation
sites across all zones. Mean fish density was significantly
higher in the inner mangrove compared with inner and
outer submerged vegetation sites.

Correspondence analysis resolted in three family
groups, each of which associated with a specific struc-
ture (Figure 5). Five families (Hacmulidae, Lutjanidae,
Gerreidae [mojarras], Atherinidae [silversides], and
Sphyraenidae [barracudas]) ordinated closely with man-
grove habitats in the ¢l dimension, indicating a strong
dependence between group distribution and habitat.
Ten families were associated with submerged vegeta-
tion, and the rémaining families associated with reef,
Omnly three families (Mullidee [goatfishes], Scardee
[parrotfishes], and Sparidac [porgies]) were shared be-
tween two structures—reef and submerged vegetation,
Orphicthidae (snake ecls) ordinated most clesely with
submerged vegetation but occurred owtside the 95% CI
boundary of family-habitat membership.

Distribation of Haemulidas and Luijanidae among
strafta

A Kruskall-Wallis ANOWY A detecied significant
variation in the mean density of Haemulidee among
stratn. whereas the effect of zone was not significant.
Mean density of haemulid species in the inner logoon
mangrove was ned significantly different from reef or
submerged vegetation sites (Figure ). The distribwtion
of lutjanid fishes among strata was very similar to that
of haemulid fishes. Lutjonid species were significantly
more abundant in mangrove sites compared with reef
and submerged vegetation sites (Figure 7). Within the
same structural tvpe, cross-shelf differences in mean
density of Lutjonidee were not significantly difTerant,
Beyond the notion of statistical significance, it is inter-
esting to node that densities were extremely low {pear
zero) at reef and sengrass sites for both taxa,
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Figure 3. Non-parametric means comparison and modified Tukey-Kramer pairwise comparisons of species richnes (5] among
sumple struta. Strats connected by lines indicate sipnificant gronpings (alpha = L05) {abhreviations as in Figare 2),

Size-class distribution of Haemulidae and Lutjanidae

Haermulhdae showed signibicant differences in their
size-class distribution among structures, zones, and
straty, Correspondence analysis revealed significant
associations between large haemulid fishes (= 15 cm
FL) and reef sites, smaller hoemulid fishes (5-10 ¢m
FL) and mangrove, and juveniles (0-5 cm) and sub-
merged vegelation (Figure 8a, Table 1). The proportion
of variation explained by the canonical dimensions was
048 and 0L11 for ¢l and 2 axes, respectively, The
distribution of Haemulidee among zones also was sig-
nificant, but the patterns were less clear (Figure 3b,
Table 2). Only 10% and 3% of the vaniation in hagmulid
distribution among the zones was attributable o the ¢

und ¢2 axes, respectively, The size-class distribution of
haemulid fishes among strata was similar to the pattern
observed among structures, with 49%, and 13% of the
variation being explained by the ¢l and ¢2 axes. respec-
ti_'l.'l.,‘:l:r‘ [Iilgun.: #e Table 1) Lurgl_" Haemulidae { 1520 em
EL Y were -"-igﬂ“'l'.-'ilﬂ“}' associated with reefs in the cuter
lagoon and on the bank-shelf. Haemulidae in the 10—
15 em FL size-class and those larger than 20 cm FL
associated with the inner lagoon reef, whereas those of 5-
0 em FL were more common in the inner and owter
Iugu:ln mangrove, Haamiuilid il.l.'r'lEﬂ.ilEh {(-5 cem FL} asso-
cipted most closely with submerged vegetation sites in
the inner and outer lagoon,

1M 91
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Figure 4. Analysis of YVariance and Tukey-Kramer prirwise comparisons of fish density (SN0 m*| Ay i:llipl.ﬁ strala.
Sirata conneclted by lines indicate significant groupings (alpha = 0.035) (abhreviations as in Figare 1.
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Figure 5. Correspandence plot of fish family and sample strata, Open squares represent family ardinations, while clased
circles represeni siratum ordinalions. Ellipsnids represent 95% confidence hoandary for hivariate plois of habitat
membership (abbreviations as in Figure 2).
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Figure 6. Analysis of Variance and Tukey-Kramer pairwise comparizons of gront (Haemuolidae) density (50000 @) amang
sample sirata. Strata conmected by lines indicate significant groupings (alpha = 0.05) (abbreviations as in Flgare 23,

Like Haemulidae, lutjanid species showed signifi-
cant ditferences in their size-class distribution among
structures, zones, and strata. Lutjanidae larger than
15 em FL were observed mainly in reef arcas, those of
A=1%em FL occurred mainly in mangrove areas, and
juveniles (-3 cm FL) dominated the submerged veg-
ehation siles (Figure %o, Table 1). The ¢l and ¢2 dimen-
sions explained 32% and 14% of the variance in lutjanid
size-class distribution. Lutjanidae larger than 15 cm FL
dominuted the bank-shelf reef zone, whereas those sized
515 cm FL ogcupied the outer lagoon. Lutjanid fishes
in the (=5 cm FL size-class oceurred mainly in the inner

lagoon: however, the ¢l and ¢2 dimensions explained
only 13% and 1.9 of the lutjanid size-class vanation,
respectively (Figure 9h, Table 1). Among strata, lutpanid
species in the (-5 cm size-class associated with the inner
amd outer lagoon submerged vegetation strata (Figure 9¢,
Table 1}, whereas those in the 5—10 cm and 10-15 cm FL
size-class ordinated toward lagoon and owter lagoon
miangrove, respectively. Lutjanid individuals larger than
15 cm FL associated with ooter lagoon and bank-shelf
reef strata. The ¢l and ¢2 dimensions accounted for 37%
and 18% of the size-class varianee of Lutjanidas among
SIFALA_
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Figure ¥, Analysis of Yariance and Tukey-Kramer pairwise compuarisons of smapper | Lot janidae ) density (51 00m°) anong
samphe strata, Strata connected by lines indicate significant groupings (alpha = 0.05) (abbreviations as in Figure 2),
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Sputisl distribution of Lutjanidae

Figure 100 and Table 2 show the resulis of a spa-
nially-explicit logistic regression model 1o estimate the
profabality of ccourrence for Lutjanidas amoeng sirata
for a portion of the surveved area showed in Figure 1.
The model was significant, although it explained only
42% of the variation in probability of lutjamid occur-
rence (Figure 10a). The highesi probability of encoun-
tering lutjanid species was in mangroves and outer
lgoon reefs, whereas the lowest probability was in
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submerged vegetation sites, Though it seems intuitive,
it i= imteresting to note that the probability of encounter-
ing Lutjanidae increased log-linearly with mean den-
sity. Therefore, the map indicates where lutjanid species
are most likely w0 occur and where they are most
abundant.

To identify species-level patterns of distribution. o
spatially explicit model also was developed io predici
the probability of occurrence of &0 chrysuris among
strata for a portion of the surveyed area shown in Figure
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TABLE 1

Size-class/habital correspondence analysis statistics For grunts {Haemulidae) and snappers (Lutjanidae). Chi-
square, significance (P), and inertia values for ench cannonical axis are reported.

Treatment Figure ChiSquare r Inertia 1 Inmertia C2
Grunis Fone BA L < (L1 048 011
Struciure BB 19,8 AR .10 .03
Slralum B 1018, 5 <= (1,001 {149 0.14
Snuppers Lone Y 56,6 < (1,001 032 014
atrecture YR 257 {1,011 013 00z
Stratum 0 TR < [1,0H11 Y I8

I (Figure 106 and Table 2). The model was significant 5 em FL. Individuals larger than 15 cm FL then redis-
bui explained much less (18%) of the variation in the tribute themselves among the reef structures of the bank
response variable than the family-level model. The shelf. The logistic model for the (-5 cm size class of £,
highest probability of encountering 2 clirviiermus was chrysuriis was significant (P = 0.00); however, 1l ex-
over the bank-shelf and outer lagoon reef sites. Oevarie plained only 32% of the observed vaniance. Likewise,

chrvsirns had the lowest probability of being encoun- meodels for the 5-15 cm and = 15 cm size classes also
tered among the inner lagoon mangfoves, outer lagoon were significant, and explained 25% and 32% of the
submerged vegetation, and bank-shelf submerged veg- vanance., respectively.
ctation sites. A significant log-linear relationship also
existed between mean density and probability of en- IMscussion
counter of O chryiuris.

The probakility of €0 chevsnuras distribution also The development of a georectified mesoscale benthic
wis misdeled at the ontogenetic level to predict size-  habitat map has provided a unigque opportunily o ap-
specific distributions within the seascape. and fo high- proach pertinent community-level and autecological

light ontogenetic shifis and/or habitat connectivity for  issues that require examination of large regions, The
the species, Takle 2 shows the results of this medeling concept of essential fish habitat (EFH) and the prin-
excrcise. As seen with the correspondence analysis, the ciples behind developing marine reserves necessitale
lergistic models indicate that juveniles predominantly examination of greater spatial ranges than those al
sglect inner lagoon submerged vegetation sites, then which typical scientific experiments are conducted,
move to the outer lagoon mangrove once larger that  Rather than focusing on a single paich-reef or

TABRLE 2

Probability of occurrence for all snappers (Laljanidae), yellowiail snapper (Ocyvarus chrysurus), and £,
chrysirns sipe-classes (0=5 cm, 5=15 cm, and > 15 cm) among habital strata as predicted by logistic models.
Habitat strata include bank shell reel | BSR ), bank shelf submerged vegetation | BS5 ), outer lageon reef (OLHE),
outer lagoon submerged vegetation (OLS), outer lagoon mangrove (OLM), inner lagoon reel (ILR), inner
lagoon submerged vegetation (1LS), and inner lagoon mangrove (1LM), Coefficient of determination (R} and
model significance (P} are also reported. * Ocpurns chrysurnes, Latfanus analis, Lane, Lutfanins mahogoni, Lutfanus
frig LToT L

BSR OLR ILE BSSs OLS ILs OLM ILM R P

All Snappers*® 054 0467 046 =001 Ol4 042 099 059 042 00001
Yellowtail Snapper—All Size Classes 054 0350 03 <001 00 042 042 Q0B 008 (L4
Yellowtail Snapper (-5 cm) <000 <001 007 =001 (05 0.42 008 =001 032 0l
Yellowtail Snapper {5—15 cm) < L] 008 0¥ <001 <00l Lh iy 0.54 00f 025 002
Yellowiail Snapper (= 15 cm) 054 050 033 =001 0 =0u0] 006 <00l 032 (Kl

I
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Figure 10, Resulis of loglstic regression, Panel A indicate the probability of encounter of snappers (Luijanidac) among
hahitat stratn in the seascape, while panel B shows results for vellowtail snapper (Ocyurns chrvinens ). Refer to Figure 1 for
map localiomn,
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embayment, we were able to stratify more than 200 km’
of shell waters into broad and biologically-significam
categories of zone and structure. By using the approach
described here, we gained insight into patterns and
processes occurming within the integrated seacape. In so
doing, we were able to examine large-scale patterns in
assemblage structure, and explore very specific ques-
tions about particular families of commercially and
recreationally important taxa such as Haemulidae and
Lutjanidae, Although we lose the detail of a particular
paich-reef, we are able 10 analyze our data and make
recommendations at the scale at which management
decisions typically are made

Hahitat wtilization

Benthic habitats were defined based on two at-
tributes: pones, which refer 1o the insular shelf location
{e.g.. lageon or bank-shelll, and structure or substrate
composition (e.g.. sand, hard-bolom, or vegetation),
The focus of this study was to identify the habitat
utilization patterns of reefl fishes ns defermined by
habitat zones, structune, or 8 combination of zone and
structure. The resulis show thal structure was more
important than cress-shelll location in determining spa-
tial patterms among reef fishes at the family, species,
and ot the species-life stage level,

Family and species-level analyses

The comespondence analysis (Figure 7) demon-
strates the relotionship between habiug and reef-fish
family occurrence. Only three families out of thirty-six
(Spanidae, Mullidae and Scaridag), were Found within
the 95% confidence ellipsoids of two structural group-
ings, and only one, Ophichthidze, occurred owiside all
three ellipsoids. Although, sighting frequency was low
for sparid species, we generally found that spanid and
mullid juveniles were observed at submerged vegeta-
tion sites, whereas larger individuals were more preva-
lent on reef, Two scarid species, Scarus crofcensis
{xlripcd 'pil.rﬂ.'llfi.‘ih_l- and 5. Tagndaple rigs iprin:.:i:g,x
parrodfish}, also exhibited this ontogenetic shift in habi-
tat preference. However, scarid species were split be-
tween these two strata primarily because of a dichotomy
in habitat preference at the species level. Sparisoma
radians (bucklooth parrotfish) and 5. arcmariom
(greenblotch parrotfish) are found predominantly in
submerged vegetation throughout their life cycles,
whereas, the majority of other scarids are found princi-
pally onthe reef structure. In the case of the Ophichthidae,
an increased sample size may place them within the
submerged vegetation grouping,
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[t is hikely that each attribute of habitat (zone and
structure), eoupled with baoth stochastic and density-
dependent factors. shapes the faunal community siruc-
ture ai any given location within the seascape. Omne
interpretation of the analyses of ichthyofaunal commu-
nity structure presented here is that the structural com-
ponent of habitar, rather than cross-shelf location or
stochasticity, strongly influences the distribution and
atructure of communities in the region at the scale of this
study. For fishes of southwestern Puerio Rico, this basic
premise also is apparent at lower taxonomic levels, For
example, the abundance and distribution of single Fami-
lies, specics, and even life stages, show strong spatial
correlations with, and clear statistical dependence upon
habitar type. Snappers and gronts ¢learly exhibited this
relationship at all taxonomic scales (family, species),
and even throughout ontogeny. At the family level, an
ANOYA indicated that mangrove sites, regardless of
cross-shelf lecation, supporied significantly higher den-
sities of spappers and grunts than both reef and seagrass
sites. Initially, it may seem logical that preserving
mangrove sites in this region is a sound solution to
managing these taxa, However, o further deconstruction
af the data through correspondence amalysis revealad
that most of the individuals found in mangrove sites
were fishes runging from 5—15 cm—the mast numeri-
cully dominant size classes observed. Forthermaore, cor-
respondence analvsis showed marked ontogenetic shifis
in luwijanid and haemulid distributions within the avail-
ahle seascape, with smallest individuals (< 5 em FL) of
these taxa disproportionately selecting for submerged
vegetation habitats, while larger individuals (= 15 cm
FL) selected for reef habitats. Reduced densities of
these two size classes con be expluined by facioring in
the spatial extent of their preferred structure in relation
tir that of the mangroves, adult mortality and by recog-
mizing the crypiic nature of juveniles, While mangrowes
clearly play a role in concentrating 5=15 cm fishes,
these additional analvses indicate thal preserving a
miosgic of habitats (including mangroves) would hikely
he the best option for managing these taxa, Exclusion of
wny hibitat fype swould most certiinly impose o “hottke-
neck”™ ot which population maintensnce and growth
podential might be significantly affected.

The E:l.ul'lll'llt!' aof u.\.irlg Illgihlic regression o |1n:d.ir_“[
habitat utilization further underscores the imporance of
habitat connectivity intrinsic 1o the life historigs of
Lutjanidae, and more specifically €, chryvsuris, Differ-
ent habitats along the cross-shelf gradient support spe-
cific life-stages of this species, with juvemles maore
prevalant in SEAPIASE communities of the inner and outer
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lagoon, while adults of the species appear to distribute
themselves among the structurally complex reef sites of
the outer lagoon and bank shelf. The model’s result.
though significant, only explains a minor portion of the
observed vanance, and should be interpreted with can-
tiom.

Applications (o marine reserves delinention

These examples illustrate the value of o deliberate
analysis of reel fish distribution among all habitats
availabhle in the SEfRCape 1o l,Iew;Iup cogenl resource
management options. In the past, studies have often
focused on one habitat iype, typically reef (Friedlander
and Parish 1998}, because reels generally support higher
biclogical diversity than seagrass, mangrove, or uncon-
solidated sediment habitas, Becksiek et al, (2000) and
Appeldoorn et al. (20003 first described a modified
sampling and analytical protocol 1w incorporate mul-
tiple habitats with the intent of describing EFH in the
region. This study builds vpon that recammendation,
and provides a spatially-explicit eross-shell habitat
matrix of sufficient scale o address the ssues of EFH
and marine reserves.

Resulis presented here indicate that most DNshes in
the region have developed life-history sirategies that
depend at some point on the range of habitats histori-
cally awailable to them for growth and reproductive
success. Additionally, Kendall e al. (In press), using
identical protocols as described in this paper, reporied
similar results for French grunts (H. favelineatum) in
the Buck Island Reef Mational Monument, St. Croix,
There, haemulid juveniles were only found at reef sites
il soft bottom foraging habitats were within 300 meters
ol the sample site. and the distance of reefs from
foraging habitats was inversely related to the likelihood
of juvenile haemulid encounters. These patterns show
habitat connectivity and that sampling protocols explic-
itly including a spatial “effect™ are necessary to explore
and develop sound strategies for marine reserve delin-
eition, This is true especially of the coral reef and
assocnled habitals, where animal movements are asso-
ciated closely with specific habitats, particularly where
these habitats are distributed heterogeneously (Helfman
1978, Murray et al, 1995

To test the efficacy of @ munne reserve 1o enhonce
resource abundance, it is critical to develop a baseline
against which future estimates can be compared. Over-
fishing and habiat degradation have resulted in dra-
matic stock declines throughout the region, suggesting
that management stralegies within the US Canbbean
must be altered in an effort o preserve and nurtore wht

is left of these fisheries (Olsen and LaPlace 1978,
Appeldoorn et al. 1992, Beets and Friedlander 19592,
Appeldoorn 1993). This study’s findings provide a
foundation upon which an ecosystem approach 1o fish-
eries management could be developed, Presently, there
are ne comprehensive maps depicting “essential” benthic
habitats adjacent to, and contained within, the existing
and proposed marine reserves, Using the high resolution
benthic habitat maps as o guide to sample stratification,
and subsequently as a spatially-explicit analyvical frame-
work, we are poised 1o quantify mesoscale (<100 km®)
fishery habital wtilization in the area, as well as to
sugpes! cause for the obzerved patterns by describing
species-specific habital funciion within the ecosystem.
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